The technique of recording electrograms of the His bundle, using a tripolar electrode catheter positioned across the tricuspid valve, was applied in a physiological study of atrioventricular conduction in man. Increasing the heart rate to 160 beats/min by right atrial pacing produced progressive prolongation of the P-H interval while the H-Q interval remained constant. At any given paced heart rate, digitalis caused a prolongation of the P-H interval. Isoproterenol and atropine markedly shortened the P-H interval at any given heart rate. Neither drug had any significant effect on the H-Q interval. Coupled premature atrial stimulation produced prolongation of the P-H interval alone when the resultant ventricular depolarization was normal, and prolongation of both the P-H and H-Q intervals when the resultant ventricular depolarization was aberrant.
Additional Indexing Words: Digitalis
Isoproterenol Atropine T HE TRANSMISSION of impulses from the atrium to the ventricle has been the subject of many clinical and experimental studies. ' 7 The time delay in transmission of impulses from the sino-atrial node to the ventricles is represented by the P-R interval of the surface electrocardiogram. The P-R interval includes intra-atrial conduction time and conduction time through the A-V node and His bundle, and finally through the bundle branches and part of the Purkinje network. 8 A method for safe and reliable recording of His bundle activity in man has recently been developed in our laboratory.9 The purpose of this study was to examine more pre- Right atrial pacing cisely the nature of A-V conduction in man using the technique of His bundle recordings. Methods Right heart catheterization was performed on 15 subjects in the postabsorptive, nonsedated state. All subjects were in normal sinus rhythm at the time of the study, and none were taking cardiotonic drugs. The P-R interval in all but one of the subjects (M. B.) was less than 200 msec. Under local anesthesia, a tripolar electrode catheter was percutaneously introduced into the right femoral vein and fluoroscopically positioned across the tricuspid valve. The proximal terminals of the electrode catheter were led into the A-C input of an ECG amplifier to record a bipolar electrogram. His (H-Q) was used as a measure of intraventricular conduction (see below).
In six patients observations were made during isolated premature atrial stimulation. The premature stimuli were coupled to the R wave of the preceding sinus beat at varying coupled intervals using an R-wave coupled pulse generator.* Care was taken to avoid atrial fibrillation by controlling the coupling interval. 10 It might be argued that the electrical activity which we have recorded and designated as the His potential may in fact represent recordings from the right bundle branch. We The effect of increasing the heart rate (right atrial pacing) on the P-H and H-Q intervals. At 
Results
The results of increasing the heart rate on the various components of the P-R interval are presented in table 1 . In all patients as the heart rate was increased, the P-H interval progressively widened while the H-Q interval remained constant. A representative example of these findings is presented in figure 3 . At a sinus rate of 80/min the P-H interval was 125 msec and the H-Q interval was 46 msec. Atrial pacing to a rate of 150/ Circulaicon, Volume XXXIX, March 1969 min widened the P-H interval to 231 msec, while the H-Q interval remained constant at 46 msec. Table 2 lists the results of three patients in whom measurements were made at comparable heart rates, before and after the intravenous administration of 1 mg of atropine. In all cases, the decrease in P-R interval following atropine was accounted for by a decrease in the P-H interval. The H-Q remained unaffected by atropine ( fig. 4) . In addition, following administration of atropine, the heart could be paced at higher rates than in the control state without ensuing A-V block. Table 3 lists the results on three patients in whom measurements were made, at comparable heart rates, before and after the intravenous administration of 0.5 mg of ouabain. At all heart rates, ouabain produced an increase in the P-H interval without altering the H-Q interval.
Isoproterenol (0.05 ,ug/kg/min) was infused in three patients and measurements were made over comparable paced heart rates ( Abbreviations: NSR = normal sinus rate; P-R = the P-R interval which equals the P-H interval plius the H-Q interval; P-H = the time from the onset of the P wave to the His bundle deflection; H-Q = the time from the His bundle deflection to the onset of the Q wave of the QRS. 5 . At a paced rate of 140/min, the P-H and H-Q intervals were 266 msec and 45 msec, respectively. Following isoproterenol, the P-H interval shortened to 84 msec, and the H-Q remained unchanged.
Representative examples of the effects of premature atrial stimulation on the P-H and H-Q intervals are shown in figures 6 and 7. When the coupling interval was such that the premature atrial stimulus resulted in a normal ventricular depolarization (fig. 6), the P-H interval was prolonged from 102 msec to 255 msec, while the H-Q interval remained constant. When the coupling interval was shortened and the premature atrial stimulus produced aberrant ventricular depolarization ( fig. 7 ), both the P-H and H-Q intervals were prolonged. Prolongation of the H-Q interval during ventricular aberration was usually although not always noted. In man spontaneous increases in heart rate are generally associated with a normal or short P-R interval. However, when the heart rate is increased by electrical stimulation of the atrium, a progressive increase in the P-R interval occurs.7 The results of the present study confirm these findings and in addition localize the area of delay as proximal to the His bundle. These results in man are also in agreement with the previously reported experimental data.8 11, 14 Thus, increasing heart rate by atrial pacing prolongs atrioventricular conduction (an increase in the P-H interval) but does not alter intraventricular conduction (constant H-Q interval).
It has been demonstrated experimentally that sympathetic stimulation or the administration of epinephrine or norepinephrine will enhance A-V conduction and have little or no effect on the conduction velocity of the specialized conducting tissue (His-Purkinje) . 15 The infusion of isoproterenol, in the three patients of this study, markedly enhanced atrioventricular conduction (that is, shortened the P-H interval) at all paced heart rates. Isoproterenol had no significant effect on intraventricular conduction as represented by a constant H-Q interval. Similar results were seen when 1 mg of atropine was infused.
Carleton and associates'6 and Kosowsky and co-workers17 studied the effects of digitalis on A-V conduction in man. Both groups reported that ouabain prolonged the P-R interval at any given paced heart rate. Our findings confirm the reports of the above investigators and in addition localize the area of delay as being proximal to the His bundle. Furthermore, our findings are in agreement with those of Watanabe and Dreifus'l who used microelectrode techniques to study the effect of digitalis on various A-V junctional fibers of the rabbit heart. These investigators found that digitalis produces first degree A-V block predominantly by further slowing conduction in the N region which is proximal to the His bundle.
The effect of digitalis on intraventricular conduction has been studied by several in- Curricula Mid-Century Vision anid Projection Ex erything we baxve come to feel a medical student muist knov to understand and use this modeirn armamenittiu-iim of the pIxysiciau wve have tossed into a hopper carrying the imposing name "curriculumil." The curriculum, of course, literally means "a running" or "a race couLirse." As I contemplate the present plight of a medical student, I see a new significance in this word! If xwe are to serve society in the best way, our elaborate curriculum must be restructured, for as it is now constituted, it does not permit today's student to become tomorrov's phlysician as we envision him.-From GEORGE PACKEM BEnRRY: Medical edtucation in. tratnsiftion. J Med Educ 28: 19, 1953 .
Excitants to LeariningM
Tlheie xvill also be variety of experiment ini timiinlg, especially timing of the point at which the student is introduced to clinical studies. When to let the dog see the rabbit is one of the most vexed questions in discussion at the present time, and only through experiment and experienice will xve get from discussion to evidence....
Playing the curriculum game can be a lot of fuin, but probably the biggest job remains after the main lines of the curriculum lhave been determined. In the long run it is the method of teaching, the extent to wxlhichi xwe ean moxve firom passive to Cactive teaching and learning situations, xvlichl counts for most. In our gloomy moments we may be afraid that at present we are conditionin-g our students to be passive receivers whose curiosity is deadened by our efforts; there are faint tinges of evidence that our pessimism is justified. Otur biggest task is to dexelop those academic contacts between staff and student which encourage the student's curiosity and stimulate him to learn for himself.-
